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1. REZUMAT

Utilizarea abordarii integrate pentru a evalua calitatea rocii rezervorului si
potentialul productiv devine din ce in ce mai importanta in geologia petrolului.

Aceastd abordare integratd a fost adoptatd pentru a analiza calitatea rocii
rezervorului ”Meotian a” din structura Omega, Platforma Moesicd, Romania.
Aceastd lucrare trece in revistd toate componentele principale ale unui studiu
integrat cu un accent deosebit pe datele inregistrate in gaura de sonda.

Aceasta teza este grupata in doua sectiuni, prima explicand in detaliu conceptele
de baza utilizate in sectiunea a doua, unde este detaliatd metodologia utilizatd in
studiul de caz realizat pe structura Omega, cu limitarea la datele disponibile.
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Rezervorul ”Meotian a” este asociat cu un sistem de con aluvial alimentat de un
sistem de canale NNV-SSE, capcanele litologice intadlnindu-se in partea sudica.

Presiunea rezervorului si comportamentul in timpul productiei indica expansiunea
gazului ca fiind mecanismul de dislocuire dominant, impreuna cu un aflux de apa
destul de slab.

Rezultatele acestei lucrari aratd cd performanta rezervorului este influentatd nu
numai de energia disponibila de actionare (destinderea elasticd a gazelor si un
influx slab de apa), dar si de distributia spatiala a diferitelor faciesuri in raport cu
locatiile sondelor.

Productia de gaze a inceput in 1962 si a incetat in 1983, cand rezervorul "Meotian
a” a fost ales pentru a fi utilizat pentru stocarea subterand a gazelor (UGS-
Underground Gas Storage), datoritd grosimii sale relativ mare, a porozitatii bune
si a suprafetei mari.

Deoarece caracterizarea unui rezervor este o analiza multidisciplinara, aceasta
lucrare a revizuit toate componentele principale ale unui studiu integrat, si anume
seismica, geologia si petrofizica si ingineria de zacamant. Scopul caracterizarii
unui rezervor este de a incorpora datele existente din evaluari geologice,
petrofizice si geofizice cu datele de inginerie de zacamant a rezervorului, astfel ca
rezultatul echipei multidisciplinare sd fie crearea unui model de rezervor pentru
orizontul de productie care va spori rezultatele economice.

Abordarea tehnicd si rezultatele fiecdreia dintre acestea sunt rezumate in
urmatoarele sectiuni, seismicd, petrofizica si inginerie de zacamant:

1.1 Seismica:

Studiul seismic 3D pe structura Omega a fost achizitionat si interpretat de catre
Prospectiuni SA, Romania, care a furnizat rezultatele interpretdrii structurale a
zacamantului Omega:

e Structura Omega este o structurd nefaliatd cu inclinare spre Nord si cu
inchideri pur stratigrafice, cu toate ca prezintd cateva falii in partea de SW.

e Au fost interpretate 8 orizonturi care prezintd o foarte buna corelare in
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depozitele Neogene, Mezozoice si Paleozoice, si anume: Paleozoic, Triasic,
Jurasic, Cretacic, Sarmatian, Miocen Superior si Pliocen (Figura 1).

e Rezervorul (nisipurile Meotian superioare), este asociat cu un sistem de con
aluvial alimentat de un sistem de canale NNV-SSE, capcanele litologice
intdlnindu-se in partea sudica.

e Sistemul de canale este locatia acviferului activ si poate fi calea preferentiala
pentru migrarea apei in rezervor. Porozitatea si permeabilitatea sunt mai mari
in canale, ceea ce este in concordantd cu migrarea apei, contactul gaze/apa s-
a deplasat 600m catre Sud.

—
i, Ko
"™
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3D Seismic view with

horizons correlation:
Repl-Pliocene,
Rep2-Upper Miocene,
Rep3.4-Sarmatian,
Rep5-Cretaceous,
Rep6-Jurassic,
Rep7-Triassic,
Rep8-Paleozoic.

Figura 1: Interpretarea seismica, sectiune 3D

1.2 Geologia si Petrofizica:

Structura Omega este situatd in nordul Platformei Moesice, la sud de falia
Pericarpatica si la vest de falia Targu Fierbinti-Belciugatele, falie intramoesica,
de-a lungul aliniamentului structural Omega-Peris-Moara Saraca-Urziceni (Figura
2).

In zona de studiu apar toate tipurile de sedimente de la Cretacic la Cuaternar
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(Figura 3), insd, depozitele Paleogene si Meotian inferior sunt absente fiind
erodate.

Interpretarea datelor seismice 3D a aratat argilizarea rezervorului din Meotian
datorata schimbarilor litofaciale, rezultdnd astfel o capcand de tip stratiform
ecranata litologic.

Formatiunea productiva "Meotian a”, este o serie Miocen Superior cu o grosime
medie de 150m, iar zona productiva de aproximativ 30m grosime.

Datele primare pentru corelare si pentru determinarea proprietatilor petrofizice au
constat din carotajele electrice standard pentru 62 de sonde si carotaje complexe
pentru alte 6 sonde din zona de studiu.

Au fost determinate proprietdtile petrofizice: volumul de argila, porozitatea
efectiva, saturatia Tn apa si permeabilitatea.

Nu au fost disponibile analize de carote pentru acest studiu, doar descrierile
litologice ale carotelor au fost utilizate ca referintd pentru a se compara cu litologia
interpretata din diagrafiile geofizice.

Din rezultatele analizei petrofizice o suitd de harti a fost realizata, incluzand harta
structurala la cap "Meotian a”, harti de grosime, net-to-gross, porozitate efectiva,
saturatie medie si permeabilitate medie (Figura 4, Figura 5).

Datele primare au fost incarcate in programul TECHLOG-Schlumberger unde s-
au determinat proprietatile petrofizice (Figura 6, Figura 7), iar rezultatele obtinute
au fost transferate in programul geologic SURFER unde s-au realizat toate hartile
necesare in constructia modelului static (Figura 4, Figura 5).

Obiectivele specifice ale analizei petrofizice includ urmatoarele:
e [Editarea si normalizarea datelor brute inregistrate in gaura de sonda
e Determinarea si calibrarea volumului de argild
e Determinarea porozitatii efective
e Determinarea si calibrarea saturatiei In apa
e Determinarea permeabilitatii absolute

e Identificarea electrofaciesurilor
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e Determinarea valorilor limitative pentru delimitarea zonelor productive de
cele neproductive ( cut-offs si net-pay)

Au fost grupate 3 litofaciesuri (Nisip, Siltit s1 Argild) in functie de caracteristicile
texturale si marimea granulelor din sondele cu descrieri litologice ale carotelor. In
plus a fost evidentiat un strat subtire de carbune care este usor de identificat pe
diagrafiile de rezistivitate.

Faciesul ”Argila” a fost identificat ca rocd non-rezervor, iar in ceea ce priveste
calitatea rocii rezervor, faciesul ”Nisip” a fost considerat ca fiind roca rezervor cu
cea mai buna calitate, urmata de faciesul ’Siltit”.

Diagrama de interpretare a diagrafiilor, rezultatul final al analizei petrofizice,
include curbele calculate de volum de argild, porozitate, saturatie in apa,
permeabilitate, si evidentierea cu culori pe trase separate, a intervalelor cu
proprietati de rezervor (Figura 6, Figura 7).

Aceastd lucrare a demonstrat cum se utilizeaza tehnologiile existente intr-un
zacamant vechi, in asamblarea datelor existente intr-o baza de date organizata, in
calibrarea datelor de sonda utilizand tehnici standard sau speciale, in prelucrarea
acestor date Intr-o imagine computerizatd a zacamantului si cartografierea
rezervorului si a structurii folosind programe de calculator relativ ieftine.

OPITEST! *
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Figura 2: Schita structurala a Platformei Moesice (Beca si Prodan, 1984)



Rezumat teza doctorat
Drd. Ing. Cristea Dragos
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Figura 3: Coloana stratigrafica simplificatd (Stefanescu, 2000)
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Well: Bilciuresti 10015
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Figura 7: Analiza petrofizica a diagrafiilor complexe moderne

1.3 Inginerie de zacamant:

In exploatarea zicamantului au existat 2 etape, prima etapa de exploatare a gazelor
(1962-1983), in care au fost extrase gazele prin maxim 9 sonde simultan, fapt ce
adus la scaderea cu 80% a presiunii de zacamant, ajungand la finalul exploatarii la
cca 46 bari fata de 230 bari presiunea initiala.

Sondele au avut debite variabile cuprinse intre 87 si 263mii Stmc/zi, pe duze de 6-
10mm si presiuni la tubing de 100-150 bari.

A doua etapd este de inmagazinare-extractie, incepe dupd anul 1983, cand
zacamantul este folosit ca depozit de injectie si extractie a gazelor. In prezent
inmagazinarea se realizeaza prin utilizarea a 57 de sonde.

In aceasta perioada, debitele de extractie variaza intre 30 si 550mii Stmc/zi, pe
duze de 7-22 mm si presiuni la tubing de 40-140 bari.

Debitele de injectie variaza intre 40 si 300miiStmc/zi, cu presiuni la tubing de 50-
140 bari.

Presiunea medie de zacamant a crescut in aceasta perioada de la cca 90 bari la 170
bari.

Presiunea rezervorului si comportamentul de productie indicd un mecanism de
dislocuire a gazelor dominat de destinderea elastica a gazelor simultan cu un influx
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slab de apa de zacamant.

Evaluarea debitului de gaze s-a facut prin compararea debitelor de gaze produse la
momente de timp diferite pe aceleasi duze si la aceeasi presiune staticd de
zacamant.

Informatiile despre sistemele petroliere din Platforma Moesicd sunt relativ rare,
unde sunt disponibile, acestea rdman in jurisdictia companiilor care le detin, fiind
considerate documente clasificate.

Acest studiu a generat date privind sistemul petrolier al structurii, la scara regionala
utilizand abordarea integrata, date ce ar putea fi folosite ca instrument pentru
explorarea si exploatarea activitatilor viitoare.

CONCLUZII

e Acest studiu a constat in crearea unei baze pe care geologii, geofizicienii si
inginerii sd o utilizeze pentru imbunatatirea integrarii datelor. Aceastd analiza
multidisciplinara, precum si realizarea unui model de retea neurald, a fost
creatd ca un instrument alternativ de interpolare si predictie a parametrilor
petrofizici ai formatiunii, fiind de asemenea, un instrument extrem de util in
evaluarea corecta si rapida, conducand la diminuarea riscurilor si la cresterea
valorii economice a zacdmantului.

e Prin achizitionarea datelor seismice si prin forarea sondelor, au fost dovedite
componentele necesare pentru existenta unui rezervor purtdtor de
hidrocarburi in structura Omega. Exista o roca rezervor de calitate, incarcata
cu gaze 1n prezenta unor capcane structurale si litostratigrafice.:

e Structura Omega este o structurd nefaliatd cu inclinare spre Nord si cu
inchideri pur stratigrafice, cu toate ca prezinta cateva falii in partea de SW.

e Au fost interpretate 8 orizonturi care prezintd o foarte buna corelare in
depozitele Neogene, Mezozoice si Paleozoice, si anume: Paleozoic, Triasic,
Jurasic, Cretacic, Sarmatian, Miocen Superior si Pliocen (Error! Reference s
ource not found.).

e Rezervorul (nisipurile Meotian superioare), este asociat cu un sistem de con
aluvial alimentat de un sistem de canale NNV-SSE, capcanele litologice
intalnindu-se in partea sudica.
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Sistemul de canale este locatia acviferului activ si poate fi calea
preferentiala pentru migrarea apei 1n rezervor. Porozitatea si
permeabilitatea sunt mai mari in canale, ceea ce este in concordanta cu
migrarea apei, contactul gaze/apa s-a deplasat 600m catre Sud.

Interpretarea seismicd a furnizat geometria si topografia rezervorului.
Stratigrafia rezervorului a fost definita utilizind datele din carotajele de
densitate si neutronic.

Interpretarea seismica si geologica arata ca rezervorul este asociat cu un fan
depozitional, alimentat de canale de distributie dinspre nord. Sistemul de
canale reprezinta locatia acviferului activ si poate fi calea preferentiald pentru
migrarea apei in rezervor.

Metodele de analiza petrofizica au fost aplicate cu succes atat la datele
carotajelor electrice standard cat si asupra datelor din carotajele moderne.

Datele carotajelor electrice standard disponibile (pentru 68 de sonde) au fost
digitizate pentru a putea fi incarcate si interpretate folosind programul
Techlog.

Litologia a fost modelata prin aplicarea tehnicii [IPSOM, Techlog, folosind
curbele de potential spontan, SP, gamma ray, GR, Densitate, RHOB,
Neutronic, NPHI si Sonic, DT

Litologia formatiunii este compusa din nisip inter-laminat cu nisip argilos
(siltit) si argila conform descrierii litologice ale carotelor si interpretarii
utilizand tehnica IPSOM

Rezervoarele au fost definite prin porozitatea mai mare de 15% si volumul
de argila mai mic de 45%, iar intervalele potential productive sunt definite
daca saturatia In apd este mai micd de 55%

Calitatea stratelor de nisip variaza destul de mult, grosimea neta variind de la
2m la 20m, porozitatea variind de la 20% la 33%, iar saturatia in apa variind
de la 14% la 44%

Dupa depletarea rezervorului din anul 1983, rezervorul Meotian a fost ales
pentru a fi folosit pentru depozitarea subterana a gazelor (UGS-Underground
Gas Storage), datorita grosimii relativ mare, a porozitatii bune si a suprafetei
mari.
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Au fost reinterpretate datele disponibile si astfel au fost obtinute
caracteristicile litofaciale ale zdcamantului.

Au fost evidentiate 1a nivelul zacdmantului zone cu proprietati favorabile sau
mai putin favorabile acumularilor de hidrocarburi. Acest lucru se explica prin
existenta unui canal depozitional care a fost pus in evidentd printr-un
electrofacies de tip cilindru.

Coroborat cu datele de sonda, log, probe etc. seismicii 3D s-a putut realiza o
plotare a distributiei proprietatilor zicamantului pe toata suprafata acestuia.

Existenta unor zone extrem de favorabile curgerii gazelor (depozite de canal)
contureaza perimetrele optime pentru amplasarea posibilelor locatii de sonde
de injectie/extractie.

Zacamantul a fost exploatat pana la depletare, dar acesta prezinta proprietati
favorabile inmagazinarii gazelor:

o adancimi relativ mici,

o porozitdti mari,

o permeabilitati mari,

o prezenta unui ecran foarte bun,

o extindere suficient de mare,

o acvifer inactiv

o valori compatibile ale gradientilor de presiune, fisurare si temperatura

o posibilitatea mariri presiunilor de injectie/inmagazinare in raport cu
gradientul de presiune initial si gradientul de fisurare al ecranului

Din punct de vedere economic, zdcamantul Omega are o pozitie extrem de
buna, aflandu-se atit in apropierea Bucurestiului cat si in apropierea
magistralei de gaze ce aduce hidrocarburi din Bazinul Transilvaniei.

Avand in vedere rezultatele studiului, autorul recomanda marirea, atat a
capacitatii de Tnmagazinare, cat si a capacitatii zilnice de extractie prin forajul
a patru sonde noi. Acest lucru este de preferat functiondrii depozitului la
capacitatea actuala.
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SUMMARY

An integrated approach was used to analyse the quality of a Meotian reservoir in
the Moesian Platform, Romania. While this paper goes through all the main
components of an integrated study (seismic, petrophysics, reservoir engineering),
the main focus was on well data.

This research focused on modelling the structure using mainly well data. The
reservoir is associated with an alluvial cone structure and a canal system NNW-
SSE, with the lithological traps in the southern part!'l.

The reservoir pressure and the behaviour during production indicates a gas
expansion is the main displacement mechanism, alongside a low influx of water.

The results of this paper show that the performance of the reservoir is influenced
not only by the available energy (the elastic gas expansion and a low influx of
water), but also by the spatial distribution of different facieses in relation to the
well locations.

Gas production started in 1962 and continues to this day. However, the Meotian
reservoir was chosen for gas storage (UGS-Underground Gas Storage) due to his
relatively large thickness, good porosity and large surface area”'.

The purpose of a reservoir characterisation is to incorporate existing data from
geological, petrophysics, geophysics and reservoir engineering, so that the results
obtained by the multidisciplinary team can be used to create a reservoir model
which will improve economic results.



INTRODUCTION

Using an integrated approach to evaluate the quality of the reservoir and the potential
of production is getting more and more important in petroleum geology.

This integrated approach was used to analyse the quality of an old Meotian reservoir in
the Moesian Platform, Romania. While this paper goes through all the main components
of an integrated study (seismic, petrophysics, reservoir engineering), the main focus
was on well data.

The purpose of a reservoir characterisation is to incorporate existing data from
geological, petrophysics, geophysics and reservoir engineering, so that the results
obtained by the multidisciplinary team can be used to create a reservoir model which
will improve economic results.

The methodology and the results for each phase are summarized in the following
sections: seismic, petrophysics and reservoir engineering.

SEISMIC

The 3D seismic study for the analysed structure was acquired and interpretated by a
private company, and reinterpreted by us, with the following results:

e The structure consists of an unfaulted hemianticline dipping North and with
purely stratigraphic traps in the SW.

e FEight horizons were interpretated; they present a good correlation in Neogene,
Mesozoic and Palaeozoic deposits.

e The reservoir (sandy Meotian) is associated with an alluvial cone structure and
a canal system NNW-SSE, with the lithological traps in the southern part.

e The canal system represents the location for the active aquifer and can be the
preferred migration path for the water into the reservoir. The porosity and
permeability are higher in the canals, which is in accordance with the water
migration, the gas/water contact migrated 600 m to the South!®/,

GEOLOGY AND PETROPHYSICS

The structure is located in the northern part of the Moesian Platform, South of the Peri
Carpathian fault and West of the Targu Fierbinti-Belciugatele fault.

In the study area well penetrated sediments from Cretaceous to Quaternary, however
the Paleogene and lower Meotian deposits are missing due to the uplift of the
Cretaceous Basement and its partial erosion forming Preneogene Unconformity (PNU)
and its paleoshape combined with the undepositional period from Cretaceous up to
Upper Meotian!*~/,
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The interpretation of the 3D seismic data showed an argillic alteration of the Meotian
reservoir, which was caused by lithofacial changes, resulting in a stratiform trap which
is lithologically screened.

The productive formation, Meotian, has an average thickness of 150 m, but it only
produces from 30 m [®).The main data for correlation and for the determination of
petrophysical proprieties was taken from geophysical data from 62 wells from the study
area.

The main petrophysical proprieties were determined: shale volume, effective porosity,
water saturation and permeability.

Unfortunately, no core data was available for this study, only the lithological core
descriptions which were utilised as a reference in order to compare the interpreted
geology from well logs.

The results of the petrophysical analysis were used to create a series of structural maps,
thickness maps, net-to-gross maps, porosities maps etc.

The specific objectives of petrophysical analysis include:

e Editing and normalizing the raw data (Figure 1).
e (Calculating and calibrating the shale volume

e (alculating the effective porosity

e (alculating and calibrating the water saturation
e (alculating the permeability

e Identifying the electrofacieses

e Identifying the limits of the productive zones (cut-offs si net-pay)!’-*!

Three lithofacieses were separated (sands, silt and shales) in accordance with the
structural characterises and the grain sizes from lithological descriptions from cores.

The ,,shale” facies was identified as a non-reservoir rock, and in terms of the quality of
the reservoir rock, the ,,sand” facies was considered the best reservoir rock, followed
by the ,,s1lt” facies (Figure 2).

The interpretation diagram of the well logs, the final result of the petrophysical analysis
includes the calculated value curves for shale volume, porosity, water saturation,
permeability, as well as highlighting with different colours the reservoir intervals
(Figure 3).
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Figure 3. The petrophysical analysis for the electric standard logs.

This paper proved how to utilise modern technologies in an old reservoir and processing
this data in a computerised image of the reservoir using relatively cheap software
programs.

RESERVOIR ENGINEERING

During the extraction phase we had 2 stages. The first one was focused exclusively on
gas extraction through 9 wells, which lead to a decrease of the pressure by 80%. During
this phase the wells had variable flow rates ranging from 67 to 293 thousand Stcm/day
for pressures ranging from 100 to 160 bars.

The second phase focused both on gas extraction, as well as gas storage through 67
wells. During this phase the extraction debits ranged from 20 to 650 thousand Stcm/day
for pressures from 40 to 140 bars. while the gas injection debit flows ranged from 40 to
300 thousand Stcm/day, with pressures from 50 to 140 bar.

We have found that in the second stage reservoir pressure increased significantly, by
more than 70 bars.

The reservoir pressure and the behaviour during production indicates a gas expansion
is the main displacement mechanism, alongside a low influx of water.

The evaluation of the gas flow rate was done by comparing the gas flow in different
moments of time, but with the same equipment and static reservoir pressure.
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CONCLUSION

This study was focused on creating a data base that geologists, geophysicist and
reservoir engineers can use to improve data integrations. This multidisciplinary
analysis, as well as the creation of a neural network model, was created as an alternative
instrument of interpolation and prediction for the petrophysical parameters, and was
extremely useful in the correct and fast evaluation of the reservoir which lead to a
decrease in risks and an increase in the economic value of the reservoir.

By acquiring the data from seismic and from the wells, we proved that our structure has
all the necessary components of a reservoir. We have a quality reservoir rock, filled
with gas and in the presence of structural and lithostratigraphic traps.

Seismic interpretation supplied the geometry and topography of the reservoir, with the
reservoir stratigraphy being defined using data from neutron and density logs.

The reservoir was defined as having a greater porosity than 15% and a smaller volume
of shale than 45%, while the productive intervals are those having a smaller water
saturation than 55%.

Information about the petroleum systems in the Moesian Platform are relatively rare, so
our findings are of extreme importance.

This study generated data regarding the petroleum system of the Meotian structure, at a
regional scale, using an integrated approach, data which can be used as an instrument
for a future exploration and extraction activities. The lithofacial proprieties of the
reservoir were obtained by reinterpreting the available data.

New zones, favourable to hydrocarbon accumulation, were highlighted. This can be
explained with the existence of a depositional canal which was highlighted with a
cylindric electrofacies.

In conjunction with well data, logs, cuttings etc., the 3D seismic interpretation lead to a
plotting of the distribution of the proprieties for the entire reservoir.

The existence of extremely favourable zones for gas flow (canal deposits) shapes the
optimal perimeters for the layout of injection/extraction wells.

Seeing the results of the study, the authors recommend the increase, both of the storage
capacity, as well as an increase in daily gas extraction, by drilling 4 new wells in the
study area. This is preferable to a continuation of the current extraction-injection
program.
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